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1. INTRODUCTION
l.1. General

The processor controlled exchange PRX/A is a fast and re-
liable miniaturised telephone switching system that operates
under the control of duplicated stored-program processors. The
system is designed for use in applications ranging from simple
local terminal exchanges or trunk exchanges to any combination
of subscriber, transit or tandem exchange systems. The PRX/A
can be economically applied to initial traffic volume require-
ments as low as 100 Erlangs and extended, on-line, to capaci-
ties of up to several thousand Erlangs without disturbing the
existing equipment or service.

The PRX/A system employs glass-sealed reed relays as cross-
points in a multi-stage linked Switching Network. These elec-
trically latched, metallic reed switches were chosen to ensure
high quality speech transmission. The system has two types of
terminating equipment. Junctors for analogue signalling sys-
tems consists largely of electronic components, completed by
reed relays and mercurcy wetted relays for signalling pur-
poses. The terminating units for digital trunk lines comprise
mainly LSI components.

The system has a Central Control Complex which consists of up
to three Central Control Units. Each Central Control Unit is a
pair of general purpose data processors, designed for on-line
operational control.

Only one of the three Central Control Units interfaces with
the Switching Network and performs the input output functions,
the other two are used for call processing. A processor be-
longing to the first type is called main processor, and the
other ones are called secondary processors.

The number of pairs of processors in any exchange will depend
on the traffic requirements of that exchange. The Central Con-
trol Complex carries out the common control functions associ-
ated with recognition, identification and routing of incoming
calls, selection of suitable speech paths through the Switch-
ing Network and maintenance of a continuous record of the net-
work status.

In the PRX/A system, functions such as timing and some of the
logic previously performed, 1in electro-mechanical switching
systems, by electro-mechanical relays have been taken over by
software so that the trunk circuits contain only essential
transmission and signalling related components. This has pro-
duced a reduction in both the size and the cost of trunk and
service circuits. The system is fully compatible with existing
electro-mechanical switching systems, both private and public,
and can be installed in networks using any numbering plan,
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PRX/A exchanges are available in two or four wire versions and
can be used for local and trunk switching. The flexibility of
stored program control enables new subscriber facilities and
the intermixing of signalling systems and codes, alterations
of routing codes, the read-out of metering data and the block-
ing/unblocking of subscriber facilities to be carried out sim-
ply and quickly.

In addition to the control of the operation of the telephone
switching network, the Central Control Complex can perform the
functions required for administration and technical supervis-
ion of the centre including call accounting, measurement of
traffic statistics, automatic routine testing and the display
of equipment and line status. The maintenance and administrat-
ive functions for a number of exchanges may be centralized and
controlled from one location which acts as an operational and
maintenance centre for a certain area.

1.2. Basic System Description

The smallest configuration of a PRX/A system comprises a
Switching Network, Control Channel and interface equipment,
utility and integral test equipment and a Central Control Unit
(see diagram 100).

The Central Control Complex can be extended in memory capacity
as well as processing capacity to provide a higher grade of
service (memory) or a higher traffic capacity (processing)
{see diagram 101j.

The five possible combinations of Central Control Units, Me-
mory Switch and Central Memory are listed in the table below,.

Combination Number of | Memory Switch Central Memory
CCU's (¢, 1) (0,1)

P S A |

Ul da N —
LI M) wad e ws
_— e = |

Iin combination 2 and 3, the Central Memory is used as an ex-
tension memory. A Memory Switch is necessary for reliability
reasons when the capacity of the extension memory exceeds 256K
words of 18 bits. By means of this Memory Switch a configur-
ation cross is introduced between each processor of the pair
and each Central Memory, in this way increasing reliability.

In combination 4 and 5, the Central Control Unit 0 is the
heart of the Central Control Complex interfacing with the
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Control Channel and interface equipment and distributing soft-
ware tasks to the Central Control Units 1 and 2 via the Cen-
tral Memory. Processors of Central Control Unit 0 are called
main processors and processors of Central Control Unit 1 and 2
are c¢alled secondary processors.

Note:

When Central Control Unit 0 is performing the function of Cen-
tral Control Complex (combination 1,2,3) please read Central
Control Unit where Central Control Complex is written.

The Switching Network consist of all the equipment required to
build up telephone connections. It may have various configur-
ations of line terminating equipment and link blocks, depend-
ing on the traffic nandling requirements of the exchange. The
network can build up connections, under control of the CCC,
for incoming, outgoing, transit and local calls and it can
handle various signalling methods, such as multi-frequency
code, hook signalling types etc. For digital trunk lines a di-
gital version of an appropriate signalling type can be used.
The Switching Network can also provide a number of 'services',
such as information tones and announcement facilities.

The utility equipment consists of a Visual Display Unit, a
Hard Copy Printer and a number of Cartridge Tape Units. The
VDU and HCP are used for man-machine communication, the CTU-
('s) are available for loading the system and for the dumping
of large gquantities of data, e.g. subscribers meter data. The
integrated test equipment is available for testing the oper-
ational telephony eguipment in the Switching Network and for
testing the subscriber lines.

The Control Channel and interface equipment consists of ter-
minating equipment for the Control Channels (CCH), Subsystems
and Peripheral Control Subsystems. The Control Channel and
Subsystem Terminal (CST) is an interface between the duplic-
ated Control Channel (CCH 0 and 1) and a group of Subsystems.
There are a number of subsystem types, such as Testers (TR),
- Slow Drivers (S8D), Fast Drivers (FD), Markers (MR) and Subsys~-
tems for contreolling utility equipment etc. Testers are used
to monitor all telephony equipment (for analoque lines) to de-
tect changes in their status. Markers are used to energise and
de-energise the cross-point reed relays in the link blocks and
Drivers are used to control the -analogue telephony units.
These subsystems are controlled by Central Control Unit 0 and
all commands and data transfers are passed via the CCH and a
CsT.

The Control Channel Terminal (CCT) is an interface between the
Control Channels (CCH 0 and 1) and the Peripheral Control
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Subsystems (PCS). The CCT may be regarded as a type of CST and
it has a similar interface with the CCH., The PCS is used to
control Peripheral Modules in the Switching Network, which can
be used, for example, as terminating equipment for digital
trunk lines. Communication between a PCS and a number of
Peripheral Modules (PM) is possible via Peripheral Channels.
These channels consist of serial 2 Mbit/s busses for the
transmission of commands, signalling and housekeeping data
etc.

The Central Control Complex is responsible for the establish-
ment, supervison and release of the telephone connections. The
Central Control Complex achieves this by:

a. Initliating scanning and polling procedures, to investigate
new signals arriving in the Switching Network, processing
the information received and modifying the Switching Net-
work accordingly.

b. Controlling the system configuration to ensure a reliable
service.

¢. Obeying commands, received from the operator wvia the utili-
ty equipment.

d. Carrying out administrative tasks.

The utility equipment is provided to allow the man/machine
communication that is necessary for operational and mainte-
nance purposes. It is via this equipment that, detailed infor-
mation about the service condition of any hardware item is
given, manually controlled tests of the system can be carried
out and various alarm signals pass when any part of the system
is defective,

1.3. Documentation

The available documentation, associated with the PRX/A
system 1is fully listed in DB-A 7583, the "Organisation of
Operation and Maintenance Documentation”. The documentation
consists of a number of publications divided into five groups.

a. The Hardware Manuals consist of all the publications pro-
viding the functional and physical descriptions of the in-
dividual hardware equipment in the system.

b. The Maintenance Tools Manuals consist of all the public-
ations providing the descriptions of equipment available
for aiding the testing and maintenance of the system.
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The Office Data Manuals consist of all the publications,
in computer print out form, giving the project specific-
ations e.g. inter-cabinet wiring.

The Operations Manuals consist of all the publications
providing the procedures for testing, operating and main-
taining the system.

The Explanatory Manuals are a collection of publications
which provide a guide to the reader for the interpretation

of specific documentation, e.g. computer listings.
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2. PROJECT SOFTWARE AND INITIATION OF THE EXCHANGE

2.1. Production of Software for an Exchange

For each individual exchange, a subset of program compo-
nents must be selected to provide the facilities reguired in
that particular exchange. The data structures upon which these
program components operate must reflect the actual or planned
dimensions of the exchange. The production tool used to gener-
ate these programs and data structures is referred to as the
Project Generator System. The exchange description in tele-
phony terms, is read into the Project Generator System and it
outputs, in a computer loadable form, load tapes, some semi-
permanent data tapes, service condition data tapes, test tapes
and various system documents. A simplified lay-out of the sys-
tem is given in figure 2.1.

CUSTOMER
REQUIREMENTS

: | - - - 1
RPOJECT GENERATOR ¢
SYSTEM

' PROJECT
ENGINEERING

EXCHANGE |
DESCRIPTION
CONTROL TAPE PROGRAM LIBRARY]

PROJECT GENERATOR

LOAD TAPES DATA TAPES ”
INSTALLATION/

EXTENSION AND DOCUMENTS

TEST TAPES

Fig. 2.1. Simplified Diagram of the PGS
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2.1.1. Load Tapes and Data Tapes

For each exchange a number of load tapes are provided,
which are the output from the Project Generator System and
contain all information which is necessary to make the Central
Control Complex (CCC) operational. The number of load tapes
depends on the configuration of the CCC, viz. for each CCU se-
parate load tapes are required, in addition to a number of
common ones. For an exchange with 3 CCU's the following (pro-
gram) loadtapes are available on cartridges:

- Loadtape PME (CCU0) and loadtape CME;

- Loadtape PME (CCUO, this is an additional tape):
Loadtape PME (CCUl);

Loadtape PME (CCU2).

In addition to these load tapes a number of data tapes are
available (also on cartridges). These contain the following.
data groups:

-~ Installation data:

- Operation data;

- Restricted datas

- Transition data;

- Administration data.

2.1.1.1. Contents of the Load Tapes

The loadtapes contain the resident operational pro-
grams for the system and the associated data, i.e. the perma-
nent (fixed) data and frames for variable data (see also sec—
tion 4.2.4.l1.). For each of the PME loadtapes, the Project
Generator System selects all program and data modules which
are necessary for the particular CCU (main or secondary CCU).
These modules are selected from the program module and data
module files of the support system. It is possible that a pro-
gram module 1is selected for each of the PME load tapes. This
will be the case for "universal" programs, which can be used
in each CCU. Other modules are exclusively for a particular
CCU (CCU0,1 or 2). An important factor in the selection pro-
cess of the modules are the functional differences of the
CCUs.

Functions exclusively for the Main CCu are:

- 1/0 control, including scanning mechanism control;

- Configuration Management and Maintenance;

- Handling of operational services, such as overlay program
and administration data handling.

wrad Ll b e N MPGE et Ch Rt I i Wt ) el e et S et ML e TR R Rt ad Lo e e Akt B e < gt T et P R ] ol . *s ot 3 Y L bk m e ik a Bt e Lt T e k£ ek e me s et g dh mhe ke d £T s tmil T an it ee ok T
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The functions of the secondary CCUs are "commen" functions,
which can be executed by any CCU, including CCUO.

Examples of these functions are:

- Call Processing;

- Interrupt handling (although not every CCU can receive all
kinds of interrupts):

- Error handling (although for secondary CCU's restricted to
errors occurring in the "own" processors and PME's),

The CME loadtape contains information which must be accessible
by any processor. The CME may also contain information which
is to be used by one CCU exclusively. Each of the three possi-
ble CCU's may have their extension to thelr private memory in
a part of the CME. The majority of the CME data however is
available for all CCU's. The following main groups can be dis-

tinguished:

- Data structures and definitions for the operational data and
for other kinds of data;

- Pacilities ({data structures} for communication between main
and secondary processors;

- Perilodic tests, which can be executed when the system is
operating;

- befinitions and structures of the Overlay Area, defining the
memory areas which can be used for loading the overlay pro-
grams and the connection (link) facilities for these pro—
grams.

The loadtapes are stored on a number of cartridges. This num-
ber dependent upon the size and requirements of the exchange.
For a group of exchanges which have common characteristics,
€.g. because they belong to the same project, the loadtapes
are standarized as far as possible. When a "standard 1load
tape” is used, an additional tape is used to modifiy and ex-
tend the memory contents so that the specific reguirements for
the particular exchange are fulfilled.

2.1.1.2. Contents of the Data Tapes

The data tapes contain the following main categories:
a. Installation data.
This cartridge contains semi-permanent data, e.9.

- Junction group data;
- Test inlet data;
- Unit type definitions.
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b, Operation data.
This category comprises programs and data which are to be
used for load and test procedures. For example:

- Unit tests:

- Subsystem tests;
- X-ray programs;

- System loader;

- Overlay programs.

¢. Restricted data.
Restricted data can be prepared on request of the adminis-
tration when it is required that only authorized personel
have access to certain information or functions.

d. Transition programs and data.

This information is stored on a cartridge which is to be
used when the exchange is to be modified or extended.

The cartridges contain programs and data which are required
to enable the transition from the old to the new require-
ments. (i.e. the transition from and old to a new project-
group). During an extension or modification process one
side of the CCC is taken off-line. The new programs and da-
ta are stored in the off-line memories. The cartridges con-
tain also routines which enable retrieval of the operation-
al data in the on-line memories and storage of this inform-
ation in the off-line side, so that when the change is ef-
fected and the off-line side becomes operational, the memo-
ry contents is up to date.

e, Administration data.
This group consists of data which is to be provided by the
administration. It comprises:

- Basic subscribers data;
Subscribers facility data;

Digit and routing analysis data;
Tariff and Call charging data.

2.2. Initiation of the Exchange

Once the hardware for an exchange has been installed and
tested, the programs and data must be loaded into the private
and central memories to enable the system to function opera-
tionally. A hardware load channel is manually selected on con-
trol panels using the procedures described in the Operations
Manual. The load tapes are then read from the tape device and
stored in the memories. Further manual actions are carried out
at the Processor Control Panel, System Control Panel and Mas-
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ter Switch Unit to allow the loaded side of the CCC to "recov-
er". The processors now run under the control of the <dtored
programs, but, however, they fulfil no useful purpose until
the semipermanent data and service condition data have been
loaded. Firstly the overlay programs are loaded into a special
area of the memory and they are initiated from the input/out-
put device to supervise the loading of the semi-permanent
data. Next the equipment outside the Central Control Complex
{interface and Switching Network Equipment) must be put into
operation. This is achieved by sgetting the equipment status
record, held in the memory, to the "in-service" condition. A
resident program (included in the load tapes) is initiated
from the input/output device to supervise the loading of the
service condition tapes which provides the correct equipment
status record. Now the system is operational (i.e. information
is received from test points throughout the system and this
information is processed and responses produced).

TRANSPORTABLE
TEST PANEL

MODF

CONTROL
PANELS

PRX

(i ,
SUBSCRIBERS PROCESSCR J

SYSTEM
INCOMING AND CONTROL
OUTGOING PANEL

LINES

MASTER
SWITCH UNIT

UTILITY
DATA L outiaTy |
LINK MODEM PROCESSOR D TACE

CARTRIDGE INPUTIOUTPUT
TAPE UNITS DEVICE

Figure 2.2. Simplified Block Diagram of the Exchange
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3. HARDWARE DESCRIPTION

Diagram 102 is a block diagram showing a general lay-out of
the equipment in an exchange. Diagram 103 shows the connec-
tions between the hardware components of the system in the
smallest configuration in more detail, and diagram 104 shows
the Central Control Complex in maximum configuration.

3.1. Switching Network (see diagram 105)

The main purpose of the Switching Network (SN) is to pro-

vide paths through the exchange between telephony lines, or
between equipment in the exchange and an external line.
The network consists of two link networks and a number of te-
lephony units. Telephony units are either line terminating
units or units which provide other "services" such as the han-
dling of tone detection or generation. There are four basic
types of terminating units, or "junctors" which are the fol-
lowing ones:

- A-junctors (AJ); for originating traffic;
- B-Jjunctors (BJ), for terminating traffic;
- Incoming Trunk. junctore (1IT), for incoming traffic;
- Outgoing Trunk Jjunctors (OT), for outgoing traffic.

The AJ and BJ units are used for low density traffic lines of
subscribers' sets or (small) PABXs. They are connected to the
lines wvia the Line Link Network, which concentrates the lines,
to increase the circuit efficiency. Lines with a high traffic
density, connected to a PABX, may be terminated by a special
version of the above mentioned junctors: AJI and BJO (for in-
coming and outgoing traffic respectively).

Trunk lines from and to distant public exchanges are termin-
ated by IT and OT units. Dedicated telephony units are avail-
able for tone handling purposes. These units are the senders
{s) and receivers (R), which are used for signalling systems
employing, for example, keytone or MFC signals. The telephony
units of the A-side of the exchange (AJs, ITs and Senders) are
connected to the B-side units (BJs, 0Ts and Receivers)} via the
Trunk ILink Network. Each A-side unit can be connected with
each B-side unit, with a very low blocking probability.

The telephony units in the Switching Network are monitored and
controlled by means of the subsystems, which are a part of the
interface with the CCU. There are two methods of interfacing
between telephony units and subsystems. The majority of units
are monitored by Testers and they can receive commands via
Slow or Fast Drivers. Each unit may have one or more test
points and drive points and they each have a direct interface
with the subsystems. For current developments a different
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method can be used. When this method is used, a dgroup of up to
32 units is assigned to a Peripheral Module Group (PMG). A PMG
may have one or more Peripheral Module (PM) connections which
provide the interface between the PMG and a subsystem. The in-
terface is a 2 Mbit/s serial bus system, called the Peripheral
Channel. The subsystem, which combines the functions of a Tes-
ter and a Fast Driver, is the Peripheral Control Subsystem
(PCS). The paths through the 1link networks LLN and TLN, are
switched through and released by means of subsystems, referred
to as Markers (MR).

3.1.1. A-S8ide Junctors

All inputs to the Switching Network must be supervised
and the lines controlled. This is achieved by connecting tele-
phony units (or junctors) to the lines for the duration of a
call., All signals and speech relating to the call will pass
through the junctors, incoming traffic being gsupervised by in-
coming trunk junctor circuits (ITs), low density originating
traffic being supervised by A-side junctor circuits (AJs) and
high density originating traffic (e.g. some P(A)BXs) being su-
pervised by A-side junctor circuits directly connected to a
subscriber line (AJIs).

When an AJ is needed, a path between the subscriber line and
an idle AJ is established and the AJ is seized. The AJ can
then signal events {any relevant change of line conditions) to
the CPU by changing a test point condition and it can receive
commands (e.g. to send a tone) via the drive points. At the
end of the call the LB-path and the junctor are released and
the unit may be used for a next call. The AJI and IT operate
in a similar manner. They are, however, permanently connected
to the lines. When the line status changes, for example when
the distant public exchange or PABX sends a seizure signal,
this change is reflected by a change in the condition of a
test point.

If an IT belongs to a PMG, the operation is similar, but the
events and commands are transferred between the IT and the PCS
by means of a byte transfer.

3.1.2. B-Side Junctors

All the outputs from the Switching Network must be su-
pervised and again this is achieved by connecting all the out-
put lines to junctors. The outgoing lines and high density
P(A)BX lines are permanently connected to outgoing trunk junc-
tor circuits (0OTs) and B-side junctor circuits (BJOs) respect-
ively, and the low density terminating lines are connected to
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inlets of Line Link Blocks of which the outlets are connected
to BJs {(and AJs).

When a subscriber must be called, a free BJ is selected and
connected to the subscribers line, via the LLN, and the BJ is
connected to the A-side unit via the TLN. When the speech
phase of the call has finished, the paths are released and the
BJ becomes available for a new call.

BJOs and OTs are seized when a call must be made via the out-
going line to which they are connected. When they are not en-
gaged in a call process they guard the outgoing line.

The B-side units are monitored and controlled in the same way
as the A-side units, i.e. either by Testers and Fast or Slow
Drivers or, if they belong to a PMG, via the PCS and a Periph-
eral Channel.

3.1.3. Line Link Network

The originating subscriber inputs carry low density
traffic and, to be economical in use of telephony units and to
increase circuit efficiency, the lines are concentrated by the
Line Link Network (LLN). The junctors (AJ and BJ) are only
connected to the lines when needed. The LLN consists of one or
more blocks (LB), which are interconnected by means of a num-
ber of links.

The LB is a bi-directional, three stage network, each stage
made up of a number of switches, connected together in such a
manner that any LB inlet can reach any LB outlet.

The concentration factor of the LBs depends on the type of
switches used in the switching stages. The inlet/outlet ratio
ranges between 1:2 and 1:8. In general the number of AJs and
BJs is approximately equal, giving a concentration factor
twice as high as the LB inlet/outlet ratio. The AJ/BJ ratio,
however, can be changed, when there is more traffic in one
direction.

3.1.4. Trunk Link Network

Once the A-side junctors and the B-side junctors for a
telephone connection have been established, the Central Con-
trol Complex has to find a path from one junctor to the other
via the Trunk Link Network. The Trunk Link Network is a six
stage switching network containing a number of Trunk Link
Blocks (TBs). The Trunk Link Blocks into which the A-side
junctors are connected are called TB-As and are used as expan-
ders. The Trunk Link Blocks into which the B-side junctors are
connected are called TB-Bs and they are concentrators.
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Both TB-As and TB-Bs have three switching stages and the out-
lets of the TB-As are connected to the outlets of the TB-Bs.
Iin principle the TB-A and TB-B can be seen as a mixing unit,
which enables paths to be made from inlets on one side to all
inlets on the other side.

The software maintains a record of the condition of all the
switches in the Trunk Link Network, and it searches this re-
cord for an unengaged, serviceable path from the B-side junc-
tor to an outlet on the TB-B. As an outlet of the TB-B is con-
nected to a specific outlet on the TB-A, the software searches
next for an unengaged, serviceable path from the A-side junc-
tor to this outlet. Commands are then given from the Central
Control Complex via a Marker to establish the paths found.

3.1.5. Receivers and Senders

To enable the PRX/A system to be used with more complex

methods of signalling than the junctors can handle, such as
keytone, multi-frequency code, etc., Receiver and Sender units
are provided in the Switching Network.
Usually, the Receivers and Senders are required only for the
reception and transmission of number information. Therefore to
ensure an economical usage of both units, the Receivers are
connected to certain inlets of the TB-B and the Senders are
connected to certain inlets of the TB-A and the units are re-
leased when they are not needed.

The Central Control Complex keeps a record of the method of
signalling used for each subscriber. When a Receiver (R) is
regquired to decode an incoming signal, the Central Control
Complex gives a command to a Fast Driver (part of the inter-
face equipment, see paragraph 3.2.) to "seize" the required
type of Receiver and a command to a Marker to connect a path
through the TB to the appropriate A-junctor. The information
decoded by the Receiver is passed to the Central Control Com-
plex via a Tester.

The Senders are connected through the TB-A and TB-B to the
OTs, BJs and BJOs when the other exchange uses one of the more
complex methods of signalling. When the terminating sub-
scriber's number has been received via the the A-side junctor,
it is analysed by the Central Control Complex, a path is esta-
blished between a free Sender (S) and the required B-side
junctor, and the number information is given to the Sender.
When the terminating exchange has received the information,
the Sender and the path through the Trunk Link Block are re-
leased, and the Central Control Complex connects a speech path
between the A-side junctor and the B-side junctor in the nor-
mal manner.
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3.1.6. Primary PCM Multiplexer (see drawing 106)

The Primary PCM Multiplexer (PPM) is a type of Periph-
eral Module Group (PMG). The PPM interfaces between a 2048
kbit/s full duplex PCM line and the TLN. It contains a first
order multiplexer and demultiplexer function, which handles
the digital coded samples of 30 speech channels and of two ad-
ditional channels.

The 32 channels of the PCM line are numbered from 0 to 31.
Channel 0 is mainly used for PCM-group error signalling and
for frame synchronisation of the PCM link. Channel 16 is main-
ly used for telephony signalling and for multiframe and error
signalling. This channel carries the channel associated sig-
nalling of the 30 telephony channels (which are numbered 1...
15 and 17...31). The analogue channels are connected to the
TB~A and TB-B, via an IDF. These channels can be used either
for incoming or outgoing trunks, i.e. the PPM performs the
function of up to 30 ITs or OTs. It is possible to use four or
more channels for incoming lines and the remaining ones for
outgoing lines at the same time (selection is possible in
groups of 4 units).

The PPM has two Peripheral Module-connections, i.e. it inter-
faces with the PCS via two Peripheral Channels. The first
Peripheral Channel is used for the Digital Trunk Interface
circuits (DTI) of the PPM, which provide the line interface
and handle the frame synchronisation and line group signal-
ling. The second Peripheral Channel is used for telephone
channel and multiframe signalling, which is transferred over
the PCM link in time-slot (channel) 16, and it is used to
guard and control the multiplexer and demultiplexer circuits
(PMX).

The PPM 1is equipped with Conversion Junctor (CJ) circuits
which establish the analogue to digital conversion (and vice
versa) and may contain hybrid circuits, to provide 2-wire
channel outputs or inputs. These CJs may have one or more at-
tenuation pads, which can be switched in or out by sending
commands to the PMX,
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3.1.7. Tone Injection and Announcement Circuits

CONTROL FROM ~
FAST ORIVER RAD TIAC

TIAC [——

-CONTROL FROM  __ | RAD
FAST DRIVER UP TO 10 OUTPUTS FROM

EACH TIAC, USUALLY
TIAC == T~ CoNNECTED T0 LINE
CIRCUITS ViA THE MDF.

TIAC .

INF

TAC

Figure 3.1. Principle of Tone Injection

The diagram shows a typical arrangement of the Tone Injection
and Announcement Circuits (TIACs). The input to the TIACs are
from tone generators or Recorded Announcement Devices (RADs)
and these are selectable dependent on the requirements of the
exchange. The RADs are started by a command from the Central
Control Complex via a Fast Driver and normally last for a pre-
determined time interval. The tone generator shown in the dia-
gram is for Information Tone (INF)}. Each TIAC can provide up
to ten outputs for connection to the Switching Network. There-
fore, if a service has to be provided to more points in the
Switching Network (e.g. INF) the service must be connected to
more than ¢ne TIAC.

3.1.8. Switching Network Control

All telephony lines have to be monitored so that any
change in the condition of the lines will be detected and pas-
sed to the Central Control Complex for analysis. This is
achieved by periodically scanning test points at the telephony
units and at the LCs. This is carried out autonomously via a
Tester and the status of the test points are passed to the
Central Control Complex. Changes of the 1line conditions of
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lines connected to a PMG, are signalled to the PCS wvia the
Peripheral Channels. The CCC regularly polls the CCTs, to
detect any event and, if one or more events are stored in a
PCS, the information is transferred to the CCC.

The first change in 1line status is detected when the line
changes from the idle state (e.g. a subscriber lifts his tele-
phone handset and a closed loop condition is monitored at the
corresponding Line Circuit test point).

In the case of an incoming line or a call on a high density
local 1line, the IT or AJI respectively detect the status
change.

For low density originating calls, the Central Control Com-
plex, on receiving this status change, must search for a free
AJ and connect the Line Circuit to this junctor. The software
examines a record that it keeps of the condition of all the
junctors connected to the same LB as the originating call. It
also examines the condition of all the switches in that LB and
when an unengaged, serviceable path to an unengaged, service-
able AJ is found, the Central Control Complex issues two com-
mands. The first is to a Marker, to establish the path from
the inlet of the LB to the free AJ, and the second is to a
Slow Driver, to "Seize" the AJ. (The Marker and Slow Driver
are part of the interface equipment).

The software ensures that seizing is spread equally over all
AdJ's available. if there are no available AJs or no free paths
through the LB, the software places the call in a gqueue and
periodically checks the condition of the exchange facilities
until a connection to an AJ can be made. Telephony units which
are to handle certain signalling methods such as keytones,
multi-frequency codes, etc., are connected to Receiver units
via the Trunk Link Network.

When the input is another public exchange or PABX, the IT or
AJI, respectively, has to be connected via TB-A inlets and TB
switches to TB-B inlets (B-side junctors). Once the software
has found an unengaged serviceable path between the required
TB inlets the Central Control Complex gives commands to esta-
blish the connection.

When the above paths have been established, the Central Con-
trol Complex gives a command, via the interface equipment, to
connect the first dial tone to the line via the AJ, AJI or, if
necessary via a Receiver. This will inform the subscriber that
he may transmit the destination code.

The Tester will detect changes at the junctor or the Receiver
when the subscriber transmits the destination code. This in-
formation is passed to the Central Control Complex and the
software analyses the digits or group of pulses as they arrive
and issues commands to remove the dial tone. If a second dial
tone is required, commands are issued to connect this, via the
AJ, AJI, IT or if necessary a Receiver, to the line to inform
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the subscriber that he may continue dialling.

Once the incoming digits or pulses have been analysed and the
destination of the call has been established, the Central Con-
trol Complex must investigate the status of the output lines
and find a path through the TLN between the A- and B-side
junctors.

The Central Control Complex examines whether the required out-
put line is idle. When the output line is found to be engaged,
busy tone (or its equivalent) is connected to the calling sub-
scriber via the A-side junctor.

When the destination is a local low density traffic line and
the line 1is not engaged, the Central Control Complex gives
commands to connect the LC to an unengaged, serviceable B-side
junctor circuit (BJ) and 1t gives commands to a Marker to
switch through the path through the TLN, to establish the
speech connection. The software distributes the traffic over
all BJds, in a similar manner to that of the AJs.

When the destination is a P(A)BX line or trunk output, the BJO
or OT has to be connected via a TB-B inlet to a TB-A inlet (A-
side junctor). Once the software has found an unengaged ser-
viceable path between the required TB inlets the Central Con-
trol Complex gives commands to establish the connection.

Once a connection through the exchange has been made, the A-
and B-subscribers must be informed. When the B-side junctor is
a BJ or BJO (i.e. a local terminating subscriber), the Central
Control Complex gives a command via a Slow Driver to connect
ringing tone and ringing current to the B-side junctor. The
ringing tone is connected to the junctor in such a way that it
is fed along the path to the A-subscriber and the ringing cur-
rent is fed to the B-subscriber. When the telephone connection
is via an OT to another exchange, the terminating exchange
produces the ringing current for its own subscriber and passes
ringing tone back along the telephone line for the A-sub-
scriber.

The scanning mechanism detects a change at the B-side junctor
when the B-subscriber 1lifts his handset.

The telephone call is now in the speech phase and the hardware
removes the ringing tone and ringing current. The units are
under constant surveillance during the speech phase but no ac-
tion is taken unless the status of a changes (e.g. after re-
ception of a metering pulse or reception of a release signal),
When either the A-subscriber or the B-subscriber replaces a
handset, the status changes at the A-side or B-side junctor
respectively. This information is detected by the subsystem
and passed to the Central Control Complex. The software gives
commands to release the relevant junctor, and via Markers, to
release the relays in the TB-A, TB-B and LB (if the latter was

used).
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The only path that remains connected is from the other junctor
to the other subscriber. (If the remaining Jjunctor is an AJ,
AJI, BJ, BJI or some types of IT, the software gives a command
to connect busy tone (or its equivalent) to the junctor and
hence to the remaining subscriber.

If the remaining junctor is an OT, a forward release signal is
passed to the terminating exchange to initiate the release of
the path.

In all cases, the remaining parts of the connection are re-
leased when the remaining subscriber replaces his handset or
when the subscriber is placed in a forced release state.

The latter happens when the subscriber fails to replace his
handset within a certain period of time and, once he is in a
forced release state, he must replace the handset before an-
other call can be made.

It is possible that, after a call initiation has been detect-
ed, a connection to the terminating subscriber cannot be
made. This may be due to a lack of facilities in the exchange
{e.g. there are no free paths, etc.,) or the terminating sub-
scriber may be engaged. In all cases, the Central Control Com-
plex gives commands to connect an appropriate tone (e.g. con-
gestion tone, number unobtainable tone) to the A-side junctor.

3.2. Control Channel and Interface Equipment

All the ©peripheral egquipments in the PRX/A system
(Switching Network, utility equipment, etc.), are under the
control of the Central Control Complex. The latter gives com-
mands and inputs or outputs data via a Control Channel (CCH)
connected to the Processor Terminal (PT) of Central Control
Unit 0.

Most of the peripheral eguipments however have a slow reaction
time compared with the speed at which the Central Control Unit
0 can transfer information. Therefore, to reduce the time that
the Central Control Unit 0 is involved with transfers to and
from these slow equipments, interface equipment is provided.
This equipment, shown in diagrams 107 and 108, consists of
control channel terminals and various types of subsystems.

The subsystems may be fast subsystems such as Fast Drivers
(FDs), Testers (TRs), Peripheral Control Subsystems (PCSs),
Control Tape Reader and Punch (CTRP), Control teleprinter
(CTEP), Data Link Subsystems (DLSs), or slow subsystems such
as Slow Drivers (SDs) and Markers (MRs}.
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To improve the system reliability, the terminals and the con-
trol circuits of every subsystem are duplicated. The Central
Control Complex governs which of the duplicated items is on-
line and which is off-line and these conditions are periodic-
ally interchanged to allow duplicated items to be exercised
equally. A pair of terminals together with a number of subsys-
tems is called a Control Channel Subsystem Terminal Group
(CSTG).

3.2.17. Control Channel Terminals

There are different types of terminal equipment for the
CCHs. One type 1is the Control Channel Subsystem Terminal
(C8T}, which 1is used for Fast and Slow Drivers, Markers and
Testers. The other type 1is the Control Channel Terminal
(CCT). The CCT is used to Control the PMGs via a PCS. Both
terminal types have the same interface with the CCH. And both
types can be used in a CSTG, the choice of the type depends on
the type of subsystem. A CCT can be considered as a kind of
CST.

3.2.1.1, Interfaces

Information transfers between the CSTGs and the main

processors are executed via the allocated PTs and from each PT
there is one CCH PT0.0 connected to all the CSTOs (or CCTOs)
via CCHO and PT1.0 connected to all the CST1s (or CCT1s) via
CCH1. Each CCH consists of up to three identical branches and
up to ten CSTGs may be connected to each branch.
In addition to the CCH, two further control lines are connect-
ed to the CSTs from the PT. These are individual lines which
allow the main processors to control the interface equipment
configuration so that defective equipment may be isolated
("Data In" and "Data Out Connect").

3.2.1.2. Information Transfers'between CCC and CSTs

A branch has an Outbus of 30 lines and an Inbus of 19
lines. (One line of the Inbus is provided for an autonomous
request facility which at the present time is not used). A CST
is capable of controlling nine subsystems.

Every transfer is initiated by the Central Control Unit 0 and
consists of information passed to the subsystem followed by
information accepted from the subsystem. When the Central Con-
trol Unit 0 requires a CSTG to carry out a function, it assem-
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bles a 9-bit address word and a 20-bit data word and sends
them via the OQutbus to every CST. In addition, the Central
Control Unit 0 generates a sync¢ signal and sends this via the
Outbus to initiate each CST. The CS8Ts in turn pass the 20-bit
data word to their subsystems, the subsystems connected to one
CST having a common data input highway and a common data out-
put highway. Only the on-line CSTs decode the 9-bit address
word and the CST that detects this address as belonging to one
of its own subsystems (including itself) generates an individ-
ual Address Mark and sends it to the appropriate subsystem.
The Address Mark is used by the subsystem to gate-in the data
word, which includes the mode bits.

The subsystem returns a data word, (which may be the status
condition of that subsystem or data from the peripherals) gat-
ed onto the common data output highway by the Address Mark and
also sends an individual Confirmation signal to the CS8T. The
CST checks the outputs of the subsystems, gates the data word
onto the Inbus and generates a Sync signal. The latter is sent
to the Central Control Unit 0, via the Inbus, to indicate that
the data word is available.

If the CST detects an error in the above operation it will ge-
nerate an interrupt to the Central Control Unit 0, which is
able to test all subsystems and the CST by special commands.

3.2.1.3. Internal Subsystem of a CST

In addition to routing commands and data to and from
the external subsystems, the CST has an addressable internal
subsystem, capable of carrying out five principal functions,
The internal subsystem is capable of providing test data, or
testing the CSTG error detecting circuits by simulating an er-
ror.

As previously mentioned, there are two CSTs per CSTG, each
connected to separate control circuits in each external sub-
system. One CST and its associated control circuits are online
and the others are in the off-line condition.

To change the on-line hardware configuration a data word
transfer is sent to the internal subsystems of both CSTs
which, once decoded, resets a Preference flip-flop in the on-
line CST and sets a Preference flip-flop in the off-line one.
The Preference flip-flop in turn produces a Preference signal
which enables the operation of the required CST and it is also
sent to the associated control circuit of the subsystems to
enable them.

Up to sixteen power supply testpoints are also connected to
the internal subsystem and the status of these can be tranfer-
red to the Central Control Unit 0 when regquested.



